Abstract Achieving satisfactory retention in online HIV prevention trials typically has proven difficult, particularly over extended timeframes. The overall aim of this study was to assess factors associated with retention in the Men's INTernet Study II (MINTS-II), a randomized controlled trial of a sexual risk reduction intervention for men who have sex with men. Participants were recruited via e-mails and banner advertisements in December, 2007 to participate in the MINTS-II Sexpulse intervention and followed over a 12-month period. Retention across the treatment and control arms was 85.2% at 12 months. Factors associated with higher retention included: randomization to the control arm, previous participation in a study by the research team, e-mail and telephone reminders to complete a survey once it was available online, and fewer e-mail contacts between surveys. The results provide evidence that achieving satisfactory retention is possible in online HIV prevention trials, and suggest best practices for maximizing retention.
Introduction
Recent reviews note both the enormous potential and the significant challenges facing online behavioral assessment and intervention research [1] [2] [3] [4] [5] [6] . Online research is attractive because it allows access to hidden populations, has the potential to reach large numbers of potential participants, is relatively low-cost, and may not be as labor intensive with respect to data collection and management. Conversely, challenges of Internet-based research include the absence of a known sample frame from which participants are drawn and difficulty validating participant identity. Retaining participants in online longitudinal studies, the focus of this paper, also has been challenging. The overall aim of this study is to examine 12-month retention in an Internet-based HIV prevention intervention targeting men who have sex with men (MSM), and the effects of various strategies on retention.
Maintaining engagement in online behavioral studies may vary as a function of topic (e.g., weight loss versus sexual risk reduction), participant characteristics (e.g., high versus low motivation to change behavior), recruitment source (e.g., strictly online recruitment versus conventional recruitment sources), marketing strategy (e.g., online banner ads versus print media), the number and content of reminder messages to complete study activities, and length to follow-up. Retention rates are inconsistent across a variety of online intervention trial studies. Online interventions to increase physical activity or improve nutritional habits have yielded consistently high retention rates ([80%), with older and socioeconomically advantaged participants most likely to remain engaged (age[60 years) [7] [8] [9] . Similar success has been demonstrated in Internetbased weight loss interventions [10] and self-management programs for adults living with chronic conditions [11] . In comparison, retention rates after 1 year were lower in online studies of tobacco (52% retention) and alcohol (61% retention) use [12, 13] . Overall, studies vary widely by participant and design characteristics, making it difficult to identify factors consistently associated with high retention across these and other online behavioral studies [14] .
For this reason, comparing retention rates within topic and delivery mode may reduce the number of possible influences on retention, and provide greater insight into current dilemmas facing researchers as they attempt to maintain participant involvement. Since the early 2000s, a number of technology-based HIV risk reduction interventions have been conducted, against which more direct comparisons of retention rates can be made for the purpose of this study. A meta-analysis of 12 computer-delivered or Internet-based HIV prevention interventions reported retention rates between 37 and 95%, with only six of the 12 studies demonstrating greater than 70% retention [6] . The study with the longest follow-up period (24 months) showed a 64% retention rate [15] , with follow-up time of the remaining 11 studies ranging from 1-9 months. Three of the 12 interventions were delivered only on the Internet, with retention rates ranging from 37 to 81%. Although the Internet-based HIV prevention intervention with highest retention (i.e., 81%) was delivered online, its adolescent sample was initially recruited from local high schools using conventional recruitment strategies [16] . Overall, the metaanalysis of computer-based HIV prevention interventions clearly demonstrates that achieving adequate retention in such studies is a challenge, which has also been shown to be the case among similar studies [e.g., [17] [18] [19] .
Responding to challenges of retention in online interventions, a variety of techniques to encourage participants to remain engaged have been used, including incentives [20] , lotteries [21] , and varying the frequency and personalization of communication with participants [22] . For example, to improve upon the 20% retention rate at 3-month follow-up found in an online sexual risk reduction intervention targeting youth [19] , Bull et al. [23] established a more intensive follow-up reminder schedule, guaranteed incentives, and provided bonuses for completing all study activities in a follow-up study. Retention increased to 53% at 2-month follow-up in the latter study as a result of these efforts, although they acknowledge that the retention rate still falls short of that expected in conventional intervention trials.
The aim of the Men's Internet Study II (MINTS-II) was to estimate the effect of an online intervention to reduce sexual risk behavior among adult MSM with the overall goal of reducing HIV transmission. The study is unique in that participants were recruited and completed the intervention via the Internet, and were assessed at baseline, immediate post-intervention, and 3, 6, 9, and 12 months after completion of intervention activities. Anticipating that achieving acceptable retention would be challenging, we employed a variety of strategies to engage participants throughout the study period. In this paper, we seek to answer the following research questions:
1. For the overall sample and by treatment group assignments, what was the cumulative retention rate at each assessment period? 2. What effect does online recruitment source (direct e-mail versus online banner ad) have on cumulative retention? 3. Does cumulative retention vary by number of reminders to complete the survey at each assessment period? 4. Is there an optimal number of e-mail contacts with participants between assessment periods to maximize cumulative retention? 5. Does the payment method affect cumulative retention?
The findings contribute to the growing body of research on the effects of strategies to achieve satisfactory long-term retention in Internet-based behavioral studies.
Methods

Eligibility Requirements and Recruitment Sources
Participants were 650 Internet-using MSM enrolled in the MINTS-II intervention trial in December, 2007. Potential participants were screened for eligibility, which included being 18 years or older, a US resident, and having consented to viewing sexually explicit materials online. In addition, because the primary purpose of the overall study was to determine the effect of the online HIV prevention intervention on self-reported risk behavior, MSM who engaged in unprotected intercourse were oversampled. Participants were recruited from one of two sources (see Fig. 1 ). First, banner advertisements placed on two of the nation's largest gay websites were used to direct 4,566 MSM to the study webpage to be screened for inclusion into the study. Second, 1,324 men who had completed an online sexual risk survey in August, 2005 and expressed interest in future research opportunities [24] were sent an invitation e-mail with a link to connect them to the study webpage to be screened for inclusion into this study. Men who received the invitation e-mail were originally recruited for the 2005 survey via online banner advertisements posted primarily in chat rooms of a popular website among MSM to socialize and seek sexual partners [24] .
Procedures
Participants who clicked on the banner advertisement or invitation e-mail link were taken to a secure study website. Prospective participants viewed a welcome page with an overview of procedures and information about the study and staff. Prospective participants' IP addresses, which identifies the server that a computer is connected to, were recorded and used to block any individual from multiple entry attempts. After answering eligibility questions, those respondents found to be eligible gave informed consent in accordance with procedures approved by the University of Minnesota Institutional Review Board, and created a username and password for re-entry to the survey website. In addition, participants indicated their preferred method of reimbursement that included using electronic money transfer (using PayPal Ó ), traditional check, or donating their reimbursement to a HIV/AIDS charity. Participants 
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Clicks: 8,490 Fig. 1 Cumulative retention in the MINTS-II trial. Note: Number in treatment group increases between 3 and 6 months because the 3-month survey was not sent to participants who did not complete the assigned treatment, but was sent to these participants for the last three surveys AIDS Behav (2012) 16:469-479 471 selecting donation or electronic money transfer were required to provide a valid e-mail and a name or pseudonym. Those who selected to receive a traditional check also were required to provide a valid address for mailing. Those persons found to be ineligible for the study viewed a separate webpage that thanked them for their interest. A computer algorithm was used to randomize each person who met eligibility requirements, provided consent, and completed the baseline survey into either the treatment (n = 337) or control (n = 313) group. Excluding outliers (n = 10), the mean length of intervention for participants completing the full treatment was 1 h and 20 min, with a standard deviation of 35 min (for all participants completing intervention, the mean time for intervention completion was 1 h and 39 min with a standard deviation of 2 h and 9 min). Treatment and control group activities are described in greater detail elsewhere [25] . After completion of the treatment or control group activities, participants were provided immediate access to the post-treatment/control survey. Quarterly surveys of participants' attitudes and HIV risk behavior were administered at four follow-up time periods (i.e., the 3-, 6-, 9-and 12-month follow-up survey). Compensation was set at $80 for completing the pretest, intervention and post-test, with an additional $20-25 for completing each follow-up survey. In addition, we held a quarterly ''e-raffle'' with a first prize of $150, which is described in more detail below.
Reminder E-mail and Telephone Contact
Once a follow-up survey was to be completed, participants received an initial e-mail invitation that provided them immediate access to the survey. Participants who enrolled in the study were sent reminder e-mails to complete surveys at all assessment periods regardless of whether they completed or failed to complete any of the prior assessments (with the exception of the 3-month follow up as described below). Participants who did not respond after the first e-mail received up to two automated reminder e-mails scheduled 1 week apart. A more intensive retention strategy was initiated to encourage men who did not respond after the second reminder e-mail to complete the survey that included a telephone contact and a third reminder e-mail. Research staff made up to three telephone contact attempts (varied by day and time) to reach the participant in person; if unsuccessful, a generic voice message (to maintain participant confidentiality) was left on the third telephone contact attempt. Regardless of whether the participant was able to be contacted in-person, or whether a voice message was left, a third and final personalized e-mail reminder (i.e., providing individualized information about the level of their involvement and, if the participant started the survey, how much they had left to complete) was sent asking them to take or complete the survey. If the participant was unresponsive after the final reminder, he was considered a non-completer for that assessment period.
Interim Contact
In addition, to study the optimal number of e-mail contacts in-between follow-up assessment surveys that would keep participants engaged, participants were randomized into one of three contact groups: (1) every month (i.e., twice between follow-up surveys); (2) every one and a half months (i.e., once between follow-up surveys); or (3) every 3 months (i.e., when the survey was opened for participants to complete). Interim e-mail contacts allowed participants to verify and/or update their contact information and enter an e-raffle for a cash drawing (worth $150) that was held each quarter. Regardless of interim contact group to which participants were assigned, all participants were provided equal opportunity to win the cash drawing by clicking on the link in the e-mail (e.g., monthly interim contact group members were provided two lottery tickets per contact, one and a half month contact group members were provided three tickets per contact, and the quarterly contact group members were provided six lottery tickets per contact).
Analyses
Statistical analyses were performed using STATA 9.2 [26] . Retention at baseline and follow-up assessments were calculated using frequencies and percentages. Tests of proportions were conducted between the once a month interim contact group and the every one and half months interim contact group. We chose to compare these two groups, rather than statistically exploring differences between all potential pairs of groups, to limit the number of statistical comparisons and because retention rates were similar between the every one and a half month and every 3 months contact group (as shown in the analyses below).
Multiple logistic regression analyses were used to determine the effects of study assignment and retention strategies on 12-month retention, controlling for individual-level factors (e.g., race/ethnicity, education, and age). The first model examined the effect of study assignment on retention, while the individual level factors were introduced in the second model. In the final model, payment type, interim contact, and recruitment source were introduced. Reminder e-mail was not included in the final model because the number of reminder e-mails could vary within person and across time, and therefore could not be accounted for in the analyses.
Results
Overall Retention (Fig. 1) Of the 650 men who enrolled in the study, overall retention dropped most precipitously between enrollment and the post-treatment/control survey (90.3% retention). At the 3-month follow-up survey period, we failed to send those participants who did not complete the post-treatment/-control survey (n = 63) a reminder e-mail in error; the error was corrected in the subsequent follow-up survey periods. Adjusting for this error at the 3-month follow-up period, an additional 4% loss occurred (86.2% retention). After the 3-month follow-up, retention remained relatively stable across both study arms: 86.5% at 6-month follow-up, 86.0% at 9-month follow-up, and 85.2% at 12-month follow-up. Overall, 78.9% of participants completed all five surveys, although a higher percentage of men in the control arm (85.6%) completed all five surveys than those in the treatment arm (72.7%). Among those participants who did not complete the 3-month follow-up reminder e-mail because they failed to complete the assigned treatment and did not receive the reminder e-mail in error, approximately 30% were retained at the end of the study (n = 17/63 at 6-month, 19/63 at 9-month and 20/63 at 12-month follow-up). Figure 1 shows retention by study arm. At the posttreatment/control period and each of the follow-up survey periods, retention was higher in the control group than the treatment group. Within the treatment group, retention dropped most precipitously during the intervention period. At the 12-month follow-up period, the treatment arm retained 82% of participants, while the control arm retained 89% of participants.
Retention by Recruitment Source (Table 1) Retention varied by recruitment source. As shown in Table 1 , men recruited using existing e-mails were retained at higher rates than participants recruited using online banner advertisements. At 12 months, retention was lowest among the men recruited through banner ads and randomized into the treatment arm (79.7%), with highest retention among men recruited using existing e-mails and randomized into the control arm (98.4%).
Retention by Number of Reminder E-mails (Table 2) The percentage of participants who completed the survey after receiving just one reminder diminished across time. For example, at the 3-month follow-up period, 43.6% of the remaining participants (i.e., of those who did not complete after receiving the initial e-mail allowing them access to the survey) completed the survey after receiving one reminder e-mail. The percentage of participants responding to the first reminder e-mail decreased steadily at the 6-(34.7%), 9-(31.8%) and 12-(31.1%) month assessment periods. However, across the number of reminder e-mails sent at each assessment period, the percentage of remaining participants who completed the survey after receiving a reminder remained relatively consistent. For example, at the 12-month follow-up, between 27.7 and 31.1% of the remaining participants completed the survey after receiving additional reminders. However, as described above, the final reminder was an intensive effort (consisting of a telephone call and a final e-mail reminder) by research staff to keep the participant engaged, which may explain its success.
Retention by Interim Contact (Table 3) Participants were contacted between surveys on average either once a month, once every one and a half months, or only every 3 months when a survey was opened to be taken. Table 3 shows retention by interim contact group only for those recruited by banner advertisement. Retention rates by interim contact among participants recruited by e-mail are not shown in the table for two reasons. First, uniformly high retention across assessment periods for men recruited by e-mail precludes finding significant differences in retention rates by interim contact group (which was indeed found when tests of proportions were conducted, not shown). Second, the previous history of men recruited via e-mail with earlier aspects of the study may bias the effects of the interim contacts on retention; therefore, even if significant differences were found, they would be difficult to interpret. For men recruited into the study by banner advertisement, the one and a half month contact and every 3 month contact groups demonstrated similar retention at each assessment period (e.g., 85.1 and 87.6% retention at 12-month assessment for the one and a half and 3 months contact group, respectively). However, participants who were contacted monthly between surveys were less likely to be retained at 3-(89.9%) and 12-(76.7%) month followup compared to men who were contacted every one and a half months (96.0 and 85.1%, respectively, P \ 0.05).
Retention by Payment Type (Table 4) Retention at each survey period by study arm and payment type is shown in Table 4 . Noticeably, participants who were recruited with online banner advertisements and opted to donate their reimbursement showed the lowest retention, particularly for those randomized to the treatment arm (37.5% retention at 12-month follow-up). Moreover, participants who were recruited via online banner advertisements and opted to receive a check for reimbursement had slightly lower retention rates at 12 months for both the treatment (80.9%) and the control (86.1%) group than participants who were recruited by e-mail and opted to be reimbursed by check. Independent of whether participants were recruited via e-mail or an online banner advertisement, there appeared to be a noticeable drop on retention between the 3-and 6-month follow-up surveys for participants who opted to receive a check for reimbursement. (Table 5) The effects of payment type, interim contact, and recruitment source on retention at 12 months, adjusted for study assignment and individual-level factors, is shown in Model 3 in Table 5 . Compared to payment by check, odds of retention was lower for participants opting to donate their reimbursement (OR = 0.21; 95%CI = 0.07-0.62, P = 0.005). In addition, men who received monthly interim e-mails had lower odds of retention than men who received only quarterly e-mails (OR = 0.46; 95%CI = 0.26-0.80, P = 0.007), and men who were recruited via banner ads had lower odds of retention compared to men recruited through e-mail (OR = 0.30; 95%CI = 0.13-0.68, P = 0.004). a The overall N for each survey is 517 except for the 3-month survey, where N = 457 due to a programming error
Estimated Effect of Retention Strategies on Retention
The P-value, which is based on a proportions test, compares the difference between the group receiving contact each month with the group receiving contact every 1.5 months Across all models, being assigned to the treatment group (in the fully adjusted model: OR = 0.55; 95%CI = 0.34-0.88, P = 0.012) and not holding an undergraduate college degree (in the fully adjusted model: OR = 0.60; 95%CI = 0.38-0.95, P = 0.031) were associated with lower retention.
Discussion
The purpose of this study was to examine retention during the MINTS-II intervention trial and assess which strategies appeared to be associated with retention rates. A number of conclusions can be drawn from the results. First, obtaining long-term retention rates similar to those seen in conventional HIV prevention trials is achievable, as demonstrated by the finding that nearly 79% of participants were retained at 12 months in this trial. Second, retention rates may be significantly improved by developing an ongoing relationship with research participants. Third, the number of contacts with participants between assessments must be carefully considered, as the results from our randomized sub-study suggest that high frequency contact may be detrimental to retention. Each of these points is discussed in more detail below. The retention rate in the MINTS-II intervention trial was considerably higher than that from comparable online HIV prevention trials [17, 18, 27] , despite the longer assessment period in this study. We attribute part of the success of maintaining participant involvement in this study to the rigorous retention protocol that was developed and implemented. In particular, telephoning those participants who had not responded to the second reminder e-mail yielded an 18-49% increase in participation across the assessment periods. Anecdotally, study staff who made the telephone reminder calls remarked on the large number of participants who seemed genuinely surprised by the personal telephone call. Our experience, and that of other researchers who also have included telephone contact into their retention protocol for online intervention trials [23] , suggests that using multiple modes of contact with participants is a key factor to maintaining engagement among traditionally hard to retain participants [28] . The response of surprise to the telephone calls suggests that participants who are the most difficult to retain in online research trials may fail to fully appreciate the significant resources in study staff and time needed to conduct Internetbased research, or that online studies require study staff at all. Alternatively, these participants may not have initially understood that the expectation for involvement in online research is similar to that in conventional research studies.
Retention was higher for participants who were screened and enrolled from a prior online study conducted by this research group, compared to those recruited directly from the online banner advertisement (most of whom we presume had not been previously involved with this study). Although we did not ask men to rate the level of connection they felt with study staff during the intervention trial, it is possible that the high rate of retention among men recruited from the existing database reflects positive rapport between study staff and these participants. Studies of other difficult to retain participants note the importance of establishing rapport with participants [28] [29] [30] . Compared to offline studies, Internet-based studies have the advantage that establishing rapport with participants may be as easy as a series of regular e-mailings. However, while face-to-face studies may engender trust between participants and research staff, establishing credibility in online research can be more of a challenge [31, 32] . Establishing a high level of rapport not only entails having regular contact with participants, but also requires that online studies be responsive to participant inquiries and follow through with participant payment in a timely manner. Our experience shows that taking these steps may yield a highly invested participant pool (as appeared to be the case with the group of men who were enrolled in this study using the e-mail address they provided in a prior survey), while failure to do so may be damage the reputation of the research team and online research in general. Alternative explanations to the high retention rates among this group of participants are, first, that they may represent a group of individuals who are highly invested in the research process regardless of history with any one particular research study or, second, that men who maintain involvement over years of a study may be highly compliant.
Importantly, regular contact with participants to establish and maintain rapport must be weighed against the possibility that too much contact may be detrimental to retention. Findings from our randomized sub-study showed little difference in retention between participants contacted on average once between 3-month assessment periods and those who were contacted every 3 months when the survey was opened. In contrast, lower retention was found among participants contacted monthly during the trial, which may be attributed to several factors. First, some participants receiving monthly e-mails from study staff may have felt irritated or burdened by the frequency of e-mails and consequently withdrew from the study. Verifying participant annoyance with the regularity of e-mails is difficult, and we did not record any calls from participants asking us to stop e-mailing them during the trial. A second possibility is that some participants chose to ignore e-mails from study staff once they realized that most e-mails were not reminders to take a survey. Thus, over time, an increasingly greater number of participants receiving monthly e-mails deleted them without determining if the purpose of the e-mail was to maintain interim contact or to remind them to take a survey. Regardless of the possible reasons for lower retention among this group, this finding suggests that there is an optimal frequency of contact with participants to maintain their involvement, and we caution researchers not to assume that more contact yields higher retention.
In addition to these main findings, several other results are worth considering. First, most participants opted to be reimbursed by receiving a traditional check, compared to receiving payment electronically or donating their reimbursement. Interestingly, although few men opted to donate their reimbursement, those who did were less likely to be retained at 12 months than men who received reimbursement by check. In fact, only slightly more than one-third of those men who were assigned to the treatment arm of the intervention were retained at 12 months. The combination of relatively high burden combined with no personal monetary benefit may hinder motivation to persist in a study over time, although this possibility must be verified with further experimental evidence. Researchers looking to provide participants with payment options should consider choices that will continue to motivate participants, or allow participants to modify their payment choice throughout the study.
Second, we found lower retention among participants assigned to the treatment group compared to participants assigned to the control group. The time commitment required to complete the intervention for those assigned to the treatment group, which is where the majority of dropout occurred, was notably longer compared to that required of men assigned to the control condition. Additionally, the time commitment required for the intervention group was longer than the time commitment described in previous online HIV prevention interventions [18, 27] . Participant burden has long been recognized to influence involvement in offline [33, 34] and online studies [35] , and it appears that participant burden may have affected retention in this study.
Third, failure to send the 63 participants who did not complete the assigned treatment the 3-month follow-up e-mail reminder provided a natural experiment in which to evaluate the effectiveness of our retention protocol among this group of select participants. Overall, we found that 30% of these participants were retained at 12 months, in spite of not completing the post-intervention/control survey or 3-month survey. These participants are likely difficult to retain in general given their non-compliance to the treatment protocol, suggesting that our retention protocol demonstrated some effectiveness even among presumably non-compliant individuals.
Study Limitations
The results may not generalize to other study populations. MSM were early adopters of the Internet for sex-seeking purposes [36] , and therefore strategies to retain Internetsavvy participants in online intervention trials may be different for persons with less online experience. Studies to assess the degree to which the retention strategies used in this study may be useful in other populations should be undertaken.
We cannot rule out the possibility that the generous reimbursement for completing study activities may have influenced retention rates. The high retention rate among the men recruited by e-mail may have been the result of their previous experience with reimbursement for participation in the earlier survey. Nor can we exclude the possibility that we recruited a highly motivated, self-selected group of individuals into our study, thereby resulting in higher retention rates. In particular, men who entered the study via the invitation e-mail had participated in a previous study and expressed interest in future research opportunities, indicating that this is a highly motivated group of individuals. Moreover, a large number of men who visited the study via banner advertisement did not participate in the study. Although some of these men were ineligible, it is likely that a portion of these men chose not to participate due to the anticipated time commitment, study topic, or other unknown reasons. Nonetheless, compared to previous studies with similar recruitment methods, we managed to achieve high levels of retention. Finally, we did not assess the personal motivations of participants who were retained in (or chose to drop out of) the study, which may be an important area for future research.
Conclusions
We believe the results of this study are encouraging for future online intervention trials, particularly with hidden or hard-to-reach populations. Despite its ease of use, Internetbased behavioral research frequently suffers from insufficient retention rates, leading some to question its utility. However, over 70% of participants assigned to the treatment group in this study were retained after 1 year. We believe the results have implications for researchers wishing to conduct online HIV intervention studies and for areas of future research. For interventionists, maintaining a database of participants willing to participate in studies may provide a highly motivated and engaged participant pool. However, the database must be updated regularly and used judiciously. The methodological rigor of the intervention can be maintained by screening all participants for inclusion into the study, regardless of whether they have participated in prior studies by the research team. In addition, interventionists must carefully consider the appropriate level of contact between assessment periods to maximize retention. Our results suggest that too frequent contact may be detrimental to retention goals. Similarly, offering a donation option for participant reimbursement may be problematic, as the motivation of participants who do not receive direct compensation for their efforts may lag over time. Finally, these results suggest that treatment burden may adversely affect retention over time. Online behavioral intervention researchers must carefully balance the burden placed on participants during intervention with ensuring that the intervention is sufficiently intensive to promote behavior change. For this and other reasons, pilot testing the online intervention prior to implementing the full study is critical.
Advancing our understanding of retention in online behavioral studies would benefit from gaining greater insight into personal motivations for remaining engaged in, or dropping out from, long-term studies. In addition, the complex relationship between previous participation in research surveys or interventions and level of reimbursement warrants further study. Although much remains to be learned, the results of the MINTS-II trial demonstrate that investing time and resources into the retention process, that includes both automated and personalized contact with participants, yields high rates of retention.
